We adopt an effective-lagrangian approach to compute the new-physics contributions to T-violating triple-product correlations in charmless Λ b decays. We use factorization and work to leading order in the heavy-quark expansion. We find that the standard-model (SM) predictions for such correlations can be significantly modified. For example, triple products which are expected to vanish in the SM can be enormous (∼ 50%) in the presence of new physics. By measuring triple products in a variety of Λ b decays, one can diagnose which new-physics operators are or are not present. Our general results can be applied to any specific model of new physics by simply calculating which operators appear in that model.
Introduction
The origin of CP violation remains one of the important open questions in particle physics. Within the standard model (SM), CP violation is due to the presence of phases in the Cabibbo-Kobayashi-Maskawa (CKM) quark mixing matrix. The B-factories BaBar and Belle have been built to test this: if the SM explanation is correct, we expect to observe large CP-violating rate asymmetries in B decays [1] . To date, one of the CP phases of the unitarity triangle has been measured: sin 2β = 0.78 ± 0.08 [2] , which is consistent with the SM.
Although the main focus has been on rate asymmetries, there is another type of CP-violating signal which could potentially reveal the presence of physics beyond the SM. Triple-product correlations of the form v 1 ·( v 2 × v 3 ), where each v i is a spin or momentum, are odd under time reversal (T). Therefore, by the CPT theorem, these are also signals of CP violation. A nonzero triple-product correlation is signalled by a nonzero value of the asymmetry
where Γ is the decay rate for the process in question. However, there is a well-known caveat: strong phases can produce a nonzero value of A T , even if the weak phases are zero (i.e. CP violation is not really present). Thus, to be sure that one is truly probing T and CP violation, one must compare the value of A T with that ofĀ T , which is the T-odd asymmetry measured in the CP-conjugate decay process. Triple-product correlations can be measured in B → V 1 V 2 decays, where V 1 and V 2 are vector mesons [3] . In the rest frame of the B, the triple product takes the form p · (ε 1 × ε 2 ), where p is the momentum of one of the final-state particles, and ε i is the polarization of the V i . One can also consider triple-product correlations in Λ b decays. Since many such triple products involve the spin of the Λ b , this means that, in contrast to B decays, one is sensitive to the spin of the b-quark [4] , as it is expected to provide the dominant contribution to the spin of the Λ b .
In a recent paper [5] , we used factorization to study the SM predictions for triple products in charmless two-body Λ b decays. We considered decays which are generated by the quark-level transitions b → sqq or b → dqq. These decays take the form Λ b → F 1 F 2 , where F 1 is a light spin- 1 2 baryon, such as p, Λ, etc., and F 2 is a pseudoscalar (P ) or vector (V ) meson. There was only one decay in which there was a large effect: the triple-product asymmetry for Λ b → pK − was found to be 18%. For all other decays, the asymmetries are found to be at most at the percent level.
The fact that all these triple-product asymmetries are expected to be small in the SM suggests that this is a good area to look for physics beyond the SM. In this paper, we examine the effect of new physics on triple products in charmless Λ b decays. In order to study this, we adopt an effective-lagrangian approach: we write down all possible dimension-six new-physics four-fermi operators at the quark level. Then, using factorization, we compute their contributions to the various triple-product correlations in Λ b decays.
There are several advantages to this approach. First, we are able to establish which triple products can be significantly affected by the presence of new physics. Second, we can also determine specifically which new-physics operators contribute to these triple products. Thus, by measuring a number of different triple-product correlations, we may be able to diagnose which operators are or are not present. Finally, these operators include all possible models of new physics. Therefore one can apply our results to a specific model by simply calculating which new-physics operators appear in that model. We will give examples of this procedure.
The paper is organized as follows. In Section 2, we introduce the new-physics operators used in our analysis. We also give two examples of specific models which generate some of these operators: supersymmetry with R-parity breaking, and Zand Z ′ -mediated flavour-changing neutral currents. We compute the contributions of the new-physics operators to triple-product correlations in Λ b decays in Section 3. Here we retain only the leading term in the heavy-quark expansion since it is very unlikely that new physics contributes to subleading processes without affecting the leading-order processes. In Section 4, we estimate the size of the various triple products in the presence of new physics. By comparing triple products in Λ b → F 1 P and Λ b → F 1 V decays, we examine the "diagnostic power" of this approach, i.e. the extent to which one can determine which new-physics operators are present. We also show how our results can be applied to the specific models of new physics discussed previously. We conclude in Section 5.
New Physics
We are interested in charmless Λ b decays, which are governed by the quark-level processes b → sqq or b → dqq. In what follows we will concentrate on the b → s transitions; it is straightforward to adapt our analysis to the b → d case.
Taking into account the two different colour structures, as well as all possible Lorentz structures, there are a total of 20 dimension-six new-physics operators which contribute to each of the b → sqq transitions, q = u, d, s. These can be written as
where we have defined γ R(L) = 1 2
(1 ± γ 5 ). Note: although we have written the tensor operators in the same compact form as the other operators, it should be noted that those with γ A = γ B are identically zero. Thus, one can effectively set h
All models of new physics which contribute to b → sqq will generate operators found in the above effective hamiltonian. These can arise at tree level (e.g. supersymmetry with R-parity breaking, Z-and Z ′ -mediated flavour-changing neutral currents, models with flavour-changing neutral scalars, etc.) or at loop level (e.g. minimal supersymmetry, left-right symmetric models, four generations, etc.) [6] . In some cases one will obtain operators of the formqObsO ′ q, but one can perform a Fierz transformation to put them into the form of Eq. (2) . Note that, in general, models of new physics do not lead directly to tensor operators (h AB q,i ), since typically only vector or scalar particles are involved. However, such tensor operators can arise when other operators are Fierz-transformed into the above form, so they must be included in our analysis (the scalar operatorqbsq is such an example).
Because the new-physics operators are of dimension six, by dimensional analysis we expect them to be suppressed by a factor Λ 2 , where Λ is the scale of new physics. However, with the normalization in Eq. (2), the suppression factor is only M As noted above, by construction the effective hamiltonian of Eq. (2) includes all possible models of new physics. Of course, in a particular new-physics model, only a subset of the new operators will appear. Our general analysis can then be applied to that specific model by retaining only the coefficients of the nonzero operators. In order to show explicitly how this works, below we give two examples of such specific models.
Supersymmetry with R-parity breaking
In supersymmetric models, the R-parity of a field with spin S, baryon number B and lepton number L is defined to be
R is +1 for all the SM particles and −1 for all the supersymmetric particles. R-parity invariance is often imposed on the Lagrangian in order to maintain the separate conservation of baryon number and lepton number. Imposition of R-parity conservation has some important consequences: super particles must be produced in pairs in collider experiments and the lightest super particle (LSP) must be absolutely stable.
The LSP therefore provides a good candidate for cold dark matter.
Despite the above-mentioned attractive features of R-parity conservation, this conservation is not dictated by any fundamental principle such as gauge invariance, so that there is no compelling theoretical motivation for it. The most general superpotential of the MSSM, consistent with SU(3) × SU(2) × U(1) gauge symmetry and supersymmetry, can be written as
where W R is the R-parity conserving piece, and W R breaks R-parity. They are given by
Here is antisymmetric in the last two indices. There are therefore 27 λ ′ -type couplings and 9 each of the λ and λ ′′ couplings. While it is theoretically possible to have both baryon-number and lepton-number violating terms in the Lagrangian, the non-observation of proton decay imposes very stringent conditions on their simultaneous presence [7] . One therefore assumes the existence of either L-violating couplings or B-violating couplings, but not both. The terms proportional to λ are not relevant to our present discussion and will not be considered further.
We begin with the B-violating couplings. The transition b → sūu can be generated at tree level through the t-channel exchange of the d-squark,d R , with strength proportional to |λ ′′ 112 λ * ′′ 113 |. However, this product of couplings is already constrained to be ∼ 10 −8 from n−n oscillations and double nucleon decay [8] . There are therefore no significant contributions to the new-physics operators of Eq. (2) corresponding to q = u.
Similarly, the antisymmetry of the B-violating couplings, λ
in the last two indices implies that there are no operators that can generate the b → sss transition, so that all the operators in Eq. (2) vanish for q = s.
Finally, the operators that generate the b → sdd transition are given by [9] 
Hence the only nonvanishing operators in Eq. (2) are
As mentioned above, the constraint on |λ , and is much weaker:
where a squark mass m f = 100 GeV has been assumed. We therefore find
We now turn to the L-violating couplings. In terms of four-component Dirac spinors, these are given by [10] 
There are a variety of sources which bound the above couplings [8, 9] . For the sake of brevity we will only quote the bounds and not their sources. Assuming a commom sfermion mass of 100 GeV we find the most stringent bounds are
There is a single contribution to the b → sūu transition:
Hence the only nonvanishing operator for q = u in Eq. (2) is
Using the bounds of Eq. (13), we find
Turning now to the b → sdd transition the relevant Lagrangian is
The nonvanishing operators in Eq. 2 are then
with
Finally, turning to the b → sss transition, the relevant Lagrangian is
allowing the identification
2.2 Z-and Z ′ -mediated FCNC's
In these models, one introduces an additional vector-singlet charge −1/3 quark h, as is found in E 6 grand unified theories, and allows it to mix with the ordinary downtype quarks d, s and b. Since the weak isospin of the exotic quark is different from that of the ordinary quarks, flavor-changing neutral currents (FCNC's) involving the Z are induced [11] . The Zbs FCNC coupling, which is of interest to us here, is parametrized by the independent parameter U Z sb :
Note that it is only the mixing between the left-handed components of the ordinary and exotic quarks which is responsible for the FCNC: since s R , b R and h R all have the same SU (2) 
leading to the constraint |U
With this constraint, it is straightforward to compute the maximal size of the couplings g LL q,2 and g LR q,2 . We find
These couplings are therefore comparable in size to those of the SM. Of course, since no new operators are generated in this scenario, and since the new-physics effects are about the same size as in the SM, one does not expect large deviations from the SM predictions due to Z-mediated FCNC's. However, models of new physics which contain exotic fermions also predict, in general, the existence of additional neutral Z ′ gauge bosons. If the s-, b-and h-quarks have different quantum numbers under the new U(1) symmetry, their mixing will induce FCNC's due to Z ′ exchange [13] . In general, as was the case for Z-mediated FCNC's, such flavour-changing couplings will be constrained by the measurement of B(B → ℓ + ℓ − X). However, if the Z ′ is leptophobic, i.e. it does not couple to charged leptons, one can evade the constraints due to Eq. (23). Such models were considered in Ref. [14] . In this case, it is the mixing of the right-handed components of the ordinary and exotic quarks which is most important, and we parametrize the flavour-changing Z ′ bs coupling as
Thus, these models will generate new operators. In particular, the coefficients g RL q,2 and g RR q,2 will be nonzero. Even though the Z ′ is leptophobic, there are constraints on U Z ′ sb coming from the ALEPH limit B(b → sνν) ≤ 6.4 × 10 −4 [15] . In addition, in realistic models, leptophobia is realized only approximately -there will always be threshold effects which produce a small coupling of the Z ′ to charged leptons, in which case there are constraints from Eq. (23). The constraints from both of these sources turn out to be similar in size, and lead to [14] 
With this constraint, one can estimate how large the new-physics coefficients can be. One finds
which is about an order of magnitude larger than the coefficients of Eq. (25). Thus, Z ′ -mediated FCNC's can contribute significantly to charmless hadronic Λ b decays, and can lead to significant deviations from the SM predictions for triple products in such processes.
Triple Products
In this section, we compute the contributions from the new-physics operators to triple-product correlations in Λ b decays. In all cases, we retain only the leading term in the heavy-quark expansion, and neglect terms of order m/m Λ b , where m is the mass of the light meson. The main reason is that it is very unlikely that new physics will contribute at subleading order, but not at leading order. Indeed, as we will see, this situation can arise only in fine-tuned scenarios. A secondary reason is that the subleading terms are quite a bit smaller, e.g.
We begin with a review of the results of the SM.
SM Results
In this subsection, we summarize the predictions of the SM for triple products in Λ b decays. The discussion is somewhat cursory, and we refer to the reader to Ref. [5] for more details. We first consider the decay Λ b → F 1 P , whose amplitude can be written generally as
The calculation of |M P | 2 yields a single triple-product term:
where p µ i and s µ i are the 4-momentum and polarization of particle i. In the rest frame of the Λ b , this takes the form
Within factorization, one can write
where we have defined the pseudoscalar decay constant f P as
where
is the four-momentum transfer. The key point here is that, in order to obtain a nonzero triple-product correlation, one must have two interfering amplitudes, i.e. X P and Y P must both be nonzero, and must have a relative weak phase. Furthermore, the triple product will be large only if X P and Y P are of similar size.
One can also show that the parameters a and b of Eq. (29) can be written as
where we have dropped terms of O(m P /m Λ b ), and f 1 and g 1 are Lorentz-invariant form factors:
From Eqs. (30) and (33), we therefore see explicitly that the triple product in
). In the SM, there is only one class of decays which is expected to show a significant effect [5] : the triple-product correlation for Λ b → pK − is found to be ∼ 18%. For decays such as Λ b → Λη, Λ b → Λη ′ and Λ b → nK 0 , the triple product is less than 1%. The fundamental reason for this is that Λ b → pK − is governed by the quark-level transition b → sūu, which has both a tree and a penguin contribution, whereas the other decays are dominated by the b → s penguin amplitude. Thus, for Λ b → Λη, Λη ′ , nK 0 , there is essentially only a single decay amplitude, which precludes any CP-and T-violating effects.
In the above discussion, the size of the triple products has been estimated within factorization. However, it is well-known that nonfactorizable effects can be important in Λ c decays. For example, the decay Λ c → Σ + φ has been observed [16] , and this can only proceed via a (nonfactorizable) W -exchange diagram. This then begs the question of whether nonfactorizable effects might be important in Λ b decays. In fact, the answer is that Λ b decays are not expected to be significantly affected by such effects. In Ref. [17] , it was found that the W -exchange contributions to inclusive Λ b decays are suppressed relative to those in Λ c decays by O(m c /m b ) 3 . This implies that even for exclusive decays such nonfactorizable W -exchange terms are expected to be small. This was confirmed in Ref. [5] : the W -exchange contributions to Λ b → pK − were estimated using a pole model, and the ratio of nonfactorizable to factorizable contributions was found to be tiny. For these reasons, here and below we ignore all nonfactorizable effects in Λ b decays.
Turning to Λ b → F 1 V , the general decay amplitude can be written as [18] 
where ε * µ is the polarization of the vector meson. In calculating |M V | 2 , one finds many triple-product terms:
Similar to Λ b → F 1 P decays, using factorization, one can write
where the decay constant g V has been defined as so that A V and B V have the same dimensions as X V and Y V . This differs from Ref. [5] . Also, note that, since the magnitudes of p Λ b , p F 1 and q are all of order m Λ b , the A V and B V operators are not apriori smaller than the X V and Y V operators.) Hence, using factorization, the quantities a, b, x and y of Eq. (36) can be expressed as
where λ denotes the polarization of the final-state V , and we have again dropped subleading terms of O(m V /m Λ b ). If any two of the four terms in Eq. (37) above have a relative weak phase, their interference can lead to triple products. In the SM, one finds that A V ≃ B V ≈ 0, and that Y V ≈ 0 for a longitudinallypolarized V . For a transversely-polarized V , Y V can be nonzero, but is still quite small. Thus, Λ b → F 1 V decays are dominated by a single amplitude (the X V term in Eq. (37) above), so that triple products in such decays are expected to be tiny. Specifically, one finds [5] that the triple-product asymmetry in Λ b → pK * − is O(1%) for a transversely-polarized K * − , while for a longitudinally-polarized K * − the asymmetry is ≪ 1%. For Λ b → Λφ [19] and Λ b → nK * 0 , the asymmetries essentially vanish since these decays are dominated by a single weak decay amplitude (the b → s penguin).
Λ b → F 1 P : New Physics
We begin by considering the new-physics contributions to triple-product correlations in Λ b → pK − decays. Although this process is governed by the quark transition b → sūu, one still has to perform Fierz transformations on the operators in Eq. (2) to put them in a form appropriate for this decay. Using the relations
we find that the new-physics contributions to X K and Y K [Eq. (31)] are
and we have defined
Note that we can obtain Y NP K from X NP K , up to an overall minus sign, simply by changing the chiralities L ↔ R.
As discussed in the previous subsection, within the SM the triple-product correlation for Λ b → pK − is expected to be large, ∼ 18%. However, since the new-physics operators of Eq. (2) can contribute to both X K and Y K , this prediction can easily be modified.
We now turn to the decay Λ b → Λη(η ′ ), which receives contributions from all three quark-level processes b → sqq, q = u, d, s. The calculation is similar to that above. For Λ b → Λη we find
and a
In the above, we have defined
The amplitude for Λ b → Λη ′ has the same form as Eq. (45) with the replacement η → η ′ . Finally, we consider the decay Λ b → nK 0 , which is related by isospin to Λ b → pK − . This is a pure penguin decay, with b → sdd. This decay will be much difficult to detect experimentally. Nevertheless, we include it here for completeness. We find
For each of the decays Λ b → Λη, Λ b → Λη ′ and Λ b → nK 0 , the triple product is tiny in the SM. This is due essentially to the fact that these decays are dominated by a single weak decay amplitude (the b → s penguin). However, this is no longer true in the presence of new physics; on the contrary, there may be several decay amplitudes. The new-physics operators may therefore lead to sizeable triple products in these decays.
Λ b → F 1 V : New Physics
We now examine the new-physics contributions to triple products in Λ b → F 1 V decays. Before turning to specific decays, one can make some very general observations.
First, the amplitude for the production of a transversely-polarized vector boson V is suppressed relative to that for a longitudinally-polarized V by a factor m V /E V . Since E V ∼ m Λ b /2, this means that this production amplitude is subleading in the heavy-quark expansion, and can be neglected. In other words, in our analysis, we will assume the vector meson in the decay Λ b → F 1 V to be essentially longitudinally polarized. As explained earlier, this is justified by the fact that it is very unlikely that the new physics will affect the production of a transversely-polarized V without also affecting that of a longitudinally-polarized V .
Second, in the rest frame of the Λ b , we can write the 4-momentum of the final state vector meson as q µ = (E V , 0, 0, | p V |), so that the longitudinal polarization vector takes the form ε
. In the heavy-quark limit, E V ≫ m V . Thus, in this limit, the longitudinal polarization vector can be written approximately as
with n µ = (−1, 0, 0, 1) . In other words, to leading order in the heavy-quark expansion, ε λ=0 µ is proportional to q µ . This has two important consequences. Consider first the A V amplitude of Eq. (37), which is one of the four amplitudes describing Λ b → F 1 V decays:
Since p
will be nonzero only for a longitudinally-polarized V . Now, writing the quark content of the V asq 2 q 3 , the operators which correspond to the V take the formq
In calculating the V matrix elements, these yield
Thus, we see that it is only the tensor matrix element which could potentially contribute to A V . However, to leading order in the heavy-quark expansion, ε 
Note that a V . Now consider again the triple-product terms of Eq. (36). As discussed above, to leading order in the heavy-quark expansion, only longitudinally-polarized vector mesons need be considered, and ε λ=0 µ ∼ q µ in this limit. Thus, we see that triple products of the form ǫ αβµν p
are of subleading order, and we neglect them. In fact, to leading order, there is only a single triple product which remains:
All other triple products are expected to be smaller, by a factor of order m V /m Λ b .
We now turn to specific decays, and start with Λ b → pK * − . First, for the tensor operators, one needs to evaluate matrix elements of the form
However, as we have argued above, the tensor matrix element vanishes to leading order in the heavy-quark expansion. Therefore the tensor operators will not contribute to this decay. The same does not hold true for the scalar/pseudoscalar and vector/axial vector new-physics operators, and we find
Note that, as expected, the new-physics operators contribute equally to longitudinallyand transversely-polarized V 's. It is therefore reasonable to concentrate on the longitudinal V 's, which dominate the decay Λ b → pK * − . The expressions for the decay Λ b → nK 0 * can be easily obtained from those above by the replacement u → d.
Finally, for Λ b → Λφ, we have
where we have included the standard model contribution without the tiny dipole contribution. The definitions of the various coefficients a q i , as well as their values, can be found in Ref. [5] .
In all of the above decays, Y V is expected to be very small in the SM, so that the triple products in Λ b → F 1 V are predicted to be at most O(1%). However, this can change significantly in the presence of new physics -from the above expressions one sees that the new-physics operators can easily produce a nonzero Y V . The triple products in Λ b → F 1 V may well be sizeable in the presence of new physics.
Diagnostic Power
In the previous section, we saw that the presence of new-physics operators can significantly modify the SM predictions for triple-product correlations in b → s Λ b decays. In particular, triple products which were expected to be tiny in the SM may now be sizeable. This is not at all surprising: most of those triple products are vanishingly small because the decays are dominated by a single weak b → s penguin decay amplitude. However, in the presence of new physics, one can have several decay amplitudes and, consequently, large triple-product asymmetries.
Although this particular result is entirely expected, the previous exercise is still useful for several reasons. First, the pattern of nonzero triple products provides information about the type of new-physics operators which may be present. And second, one can apply the above general analysis to specific models of new physics to obtain model-dependent predictions. These are the issues we explore in this section.
We begin with the model-independent analysis. The first observation is simple: if one sees no new effect in a particular decay, this implies that certain new-physics operators are absent (barring fine-tuned cancellations among these operators). For example, suppose that the triple-product asymmetry in Λ b → pK * − is found to be tiny, as in the SM. This means that Y Of course, one can obtain more information by combining measurements, since the same operators can contribute to more than one decay. In fact, one can even partially test the assumption that there are no fine-tuned cancellations. For example, suppose that the triple-product asymmetry in Λ b → pK − is found to agree with the SM, but that in Λ b → pK * − does not. The latter result implies that a Should such a result be found, it would be necessary to explain these cancellations, either via a symmetry, or by construction within a given model.
We now turn to the model-dependent analysis. The very general results of the previous section can be applied to specific models of new physics. Of course, in a given model, not all the operators of Eq. (2) will appear. In addition, it may be that the coefficients of those operators which do appear are related in some way. As examples of this behaviour, we examine those models described in Sec. 2, but this analysis can be applied to any models of new physics (e.g. supersymmetry, left-right symmetric models, etc.).
Consider first supersymmetric models with R-parity breaking (Sec. 2.1). If only B-violating couplings are present, then the only new-physics operators are vector operators contributing to b → sdd [Eq. (8) ]. This leads to a clear pattern of predictions: no new-physics effects are expected in the decays of a Λ b to pK − , pK * − and Λφ. Indeed, if measurements of these triple-product asymmetries disagree with the SM predictions, this particular model is ruled out.
On the other hand, the decays Λ b → Λη, nK 0 and nK * 0 can be affected in this model. How big can these effects be? In general, they can be enormous. As we have already noted, the new-physics contributions to these rare decays are still allowed by data to be comparable to, or even larger than, the SM contributions. If the two interfering amplitudes are of similar size, the triple-product asymmetry can be as large as ∼ 50% (to be contrasted with the SM prediction of ≃ 0). This also holds for the other models discussed below.
Turning to the L-violating couplings, one sees that more operators may be present [Eqs. (14) , (17), (20)]. In this case, all decays may be affected, except Λ b to pK − . This is a a quite distinctive signature for this model.
Finally, we consider leptophobic Z ′ -mediated FCNC's (Sec. 2.2). There are only six nonzero new-physics coefficients, given in Eq. (28), and these all depend on the parameters U Z ′ sb and M Z ′ [Eq. (27)]. In this case, all Λ b decays will be affected. However, note that, within this model, there are more observables (6) than there are theoretical parameters (2) . This means that if deviations from the SM predictions are measured, we will be able to get a handle on U Z ′ sb and M Z ′ . Conversely, if no new-physics effects are observed, we will be able to place strong constraints on these quantities.
Conclusions
In the standard model (SM), (almost) all T-violating triple-product correlations in charmless Λ b decays are expected to be tiny. (The one exception is the decay Λ b → pK − , for which the asymmetry is 18%.) This is therefore a good place to look for physics beyond the standard model.
In this paper, using an effective-lagrangian approach, we have computed the effects of new physics on such triple products. This approach has the advantage of indicating which specific new-physics operators affect each of the Λ b triple-product correlations. Thus, the measurement of a number of different triple products permits us to determine which new-physics operators are or are not present. Furthermore, the approach is completely general -the effects of any specific model can be obtained by simply calculating which operators appear in that model.
The new-physics effects on triple products are calculated using factorization. In addition, we work only to leading order in the heavy-quark expansion, neglecting terms of order m/m Λ b , where m is the mass of the light final-state meson. The justification for this is that it is only in fine-tuned scenarios that the new physics contributes at subleading order, but not at leading order. (Also, the subleading terms are quite a bit smaller, e.g. m K * /m Λ b ∼ 15%.)
We have found that all Λ b triple products can be significantly modified by new physics. Of course, this to be expected. Most of the triple products are vanishingly small in the SM because the decays are dominated by a single weak b → s penguin decay amplitude. Thus, in the presence of new physics, there may be several decay amplitudes which can interfere with the SM amplitude. However, in order to obtain a sizeable asymmetry, the interfering amplitudes must be of similar size. We note that the constraints on the new-physics operators are sufficiently weak that they can be comparable to, or even larger than, the SM contributions. Thus, triple products which vanish in the SM can be as large as ∼ 50% with new physics.
We have demonstrated how the measurement of triple-product asymmetries provides diagnostic information about the new-physics operators present. For example, all operators which affect Λ b → pK * − also affect Λ b → pK − , but not vice-versa. Thus, if the triple product in Λ b → pK − is found to agree with the SM, we would also expect no new effects in Λ b → pK * − . If this were found not to hold, then we would conclude that there must be cancellations among the operators in Λ b → pK − , and this would have to be explained in some way (e.g. symmetry, specific model, etc.).
Finally, we have also applied this general approach to two specific models: supersymmetry with R-parity breaking, and leptophobic Z ′ -mediated flavour-changing neutral currents. In both cases, we have worked out the new-physics operators which appear in those models, and used the previous formalism to calculate which Λ b triple products can be affected. For example, in the case of R-parity breaking models, there is a clear pattern of effects. One such model predicts significant new effects in the decays Λ b → Λη, nK 0 and nK * 0 , but not in Λ b to pK − , pK * − and Λφ. Any deviation from this pattern would rule out this model. Other models of new physics can be treated similarly.
